The outer membrane of the cell wall in gramnegative microorganisms consists of a macromolecular complex of lipopolysaccharides (LPS) with biological activities collectively known as endotoxic. The anaerobic gram-negative bacteria Bacteroides and Fusobacterium have gathered increasing interest as possible pathogenic organisms in many infections (2) . These bacteria are frequently found in association with many oral infections, e.g., in periodontal disease (25) and periapical inflammation of teeth (G. Sundqvist, Ph.D. thesis, Umea University, Umea, Sweden, 1976) , in which endotoxin may participate as a pathogenetic factor. Bacteroides strains differ from other gram-negative bacteria, including Fusobacterium, in their chemical composition of LPS. They do not contain heptose or 2-keto-3-deoxyoctulosonic acid (KDO) (13) ; they have no typical lipid A (T. Hofstad, personal communication); and the endotoxic activity is low (12; G. Dahlen and T. Hofstad, Scand. J. Dent. Res., in press). Another difference concerning LPS of Bacteroides strains in contrast to Fusobacterium has appeared to be the content of glucans in LPS preparations, when extraction with the phenol-water method is used (11) . By immunoelectron microscopic technique, it should be possible to obtain an indication whether these glucans occur in the cytoplasm or as a part of the cell wall. In the present study (i) the chemical composition, (ii) the immunogenicity, and (iii) the ultrastructural localization of LPS in the cell wall of Bacteroides and Fusobacterium were investigated.
MATERIALS AND METHODS
Bacterial strains. Bacteroides oralis (strain Bact-MC3) and Fusobacterium nucleatum (strain Fus-MC8), originally isolated from the root canal of a monkey tooth, were used.
Cultivation. The culture medium was described by Dahlen and Hofstad (in press). The cultivation was carried out in a fermentor with stirring at a constant pH 7.2. The cells were harvested at the end of the logarithmic phase. Isolation of LPS. LPS were extracted with 45% phenol for 15 min at room temperature (11) from packed wet cells of strain Bact-MC3 and from crushed, defatted, and buffer-extracted cells of strain Fus-MC8 (18) . After dialyzing against water, the LPS preparations were purified by centrifugation at 100,000 x g for 1 h, treated with deoxyribonuclease (DNase, 0.05 mg/ml, pH 7.0, Sigma Chemical Co., St. Louis, Mo.) 266 DAHLRN, NYGREN, AND HANSSON inhibition of hemagglutination were used, according to the modification described by Hofstad (14) .
Preparation and conjugation of antibodies.
Rabbits were injected intravenously with. 
RESULTS
Chemical analysis. LPS from Bact-MC3 contained 2.6% protein, 57.6% carbohydrates, 5.5% fatty acid esters, and 2.0% hexosamine.
KDO was lacking. The main sugar was glucose, but small amounts of glucosamine, galactose, rhamnose, and ribose were also found. LPS from Fus-MC8 contained 5.9% protein, 29.7% carbohydrates, 22.7% fatty acid esters, 6.3% glucosamine, and 2.0% KDO. The main sugars were heptose, glucose, glucosamine, and rhamnose.
Immunogenicity. Gel chromatography of antiserum revealed two separate peaks for titers of Bact-MC3 LPS (Fig. 1) , on the basis of the hemagglutination activity of each fraction. The peaks corresponded to the elution pattern of IgM and IgG antibodies, respectively. By contrast, LPS of Fus-MC8 gave only an IgM response, as indicated by a single peak in Fig. 2 .
The antibody titers of the pooled-and concentrated-antibody fractions showed no significant cross-reaction to LPS between Bact-MC3 and Fus-MC8 antibodies by the hemagglutination test or by hemagglutination inhibition.
Ultrastructural localization of LPS. The morphology of the outer membrane of the cell wall of Bact-MC3 showed the triple-laminar structure typical of gram-negative bacteria (Fig.  3a) . In Fus-MC8, the outer membrane of the (Fig. 3b) . The outer membrane of the cell wall stripped off easily and piled up in double layers, or it was completely lost. No conclusive difference in-ultrastructure of the outer membrane was found between the two strains. The inner lamina of the cell wall of Bact-MC3, however, was thinner and less electron dense than that of Fus-MC8. Incubation of homologous cells in anti-Bact-MC3 LPS, conjugated with peroxidase, resulted in a granular irregular staining of the outer membrane of the cell wall (Fig. 4a) . In some sites, the immune reaction produced larger dots, with a cross-sectional area 10 to 100 times that of the small granules (Fig. 4a, b, and c) . The immunohistochemical reaction was restricted to the membrane of the cell wall. No other part of the cell reacted.
After formaldehyde fixation, the immunohistochemical reaction was diminished (Fig. 4b ) and was almost abolished by glutaraldehyde fixation (Fig. 4c) . The IgG antibodies to Bact-MC3 LPS (Fig. 4d) showed a distribution similar to the IgM antibodies (Fig. 4a) . In Fig. 5a , the outer membrane of the cell wall of an unfixed cell is seen together with the immunohistochemical reaction product, which is irregularly distributed. The reaction is restricted to the outer membrane of the cell wall. Glutaraldehyde fixation (Fig. 5b) G. Dahl6n, Acta Pathol. Microbiol. Scand. Sect. B, in press). This glucan content of LPS Bact-MC3 may explain the diverse immunological pattern resulting in both IgM and IgG antibody production observed in the present study. It is well known that antibodies against somatic antigen of Salmonella species and Escherichia coli in animals (20) and humans (8, 21, 24) (Fig. 4c and d) .
This fmding indicates that, even if an antigenic contamination is responsible for the diverse im- oralis fixed in formaldehyde before incubation with IgM antibodies to LPS as described in (a). There is a decrease in the reactivity indicating partial loss of antigenic activity due to the Formalin fixation. There is no reactivity in the cytoplasmic membrane or in the cytoplasm. Note the larger dot of antibody reaction (arrow). x70,000. (c) Electron micrograph ofa glutaraldehyde-fixed cell ofB. oralis incubated inperoxidase conjugated with IgM antibodies to LPS. There is a faint reaction to be observed in the outer membrane of the cell wall. x 70,000. (d) Electron micrograph of B. oralis freshly incubated in peroxidase-conjugated IgG antibodies to LPS. The distribution of reaction products is similar although less intense than that in (a). x 75,000. (e) Electron micrograph of a oralis cell treated with peroxidase-conjugated antibodies to LPS of F. nucleatum. There is hardly any reactivity to be observed. x 75,000. munological response, it originates from the same outer membrane as the LPS. This supports the theory that glucans are a part of the LPS molecular complex.
The cell wall of gram-negative bacteria consists of a number of distinct layers with differing chemical compositions. The outer membrane, which contains LPS, appears to be triple layered when examined with the electron microscope (6) . Various Bacteroides species have been found to have this triple-layered outer membrane (4, 5, 27) . The present study confirms that the cell walls of B. oralis and F. nucleatum also have these structures.
The staining of the LPS complex of Fus-MC8 was not constant along the whole-cell periphery. In spite of the fact that the cells were harvested in the logarithmic phase of growth, the outer membrane of the cell wall was lost in some areas. The explanation for this difference in stability of the cell wall between strains Bact-MC3 and Fus-MC8 may be the chemical differences in LPS composition, but more probably it may be the result of an artifact produced by centrifugation; Fus-MC8 is a rather filamentous cell, which possibly makes it more sensitive to mechanical forces than the more coccoid Bact-MC3.
Location of the 0 antigen-containing LPS in the cell wall of gram-negative bacteria has been studied by other methods (9, 22, 23, 26) . Utilizing the peroxidase-conjugated method of other studies for localization of bacterial surface antigens (3, 19) , the location of LPS in the outer cell membrane was confirmed for both Bacteroides and Fusobacterium. No immunohistochemical reaction was observed inside the cells or in the inner parts of the cell wall. This does not exclude the possibility of antigenic sites inside the cell that could not be demonstrated because the conjugated immunoglobulins could not penetrate through the cell wall. However, it should be noted that no reaction product was seen within cells undergoing lysis where penetration should have been facilitated. This indicates a low probability for the existence of intracellular antigens cross-reacting with LPS.
The immunohistochemical reactions were highly reproducible. The controls showed almost no reactivity. There was no cross-reaction between the different antisera in either the indirect hemagglutination test or the immunohistochemical reaction. This demonstrates the high reliability of the method. Two different patterns were demonstrated with regard to the distribution of the reaction product on Bact-MC3 cells.
One of these, the fine, granular type, also appeared on the cell wall of Fus-MC8 (Fig. 4a and   5a ). No difference was seen in the appearance of the label when either peroxidase-conjugated IgG or IgM antibodies against Bact-MC3 LPS were used. The coarser, dotlike precipitates were formed irrespective of the method of fixation. The reaction products were localized exclusively on the outer part of the trilaminated membrane of the cell wall. The appearance of the larger dots was reminiscent of the "blebs" on the cell wall of B. fragilis described by Kasper (17) . The granular pattern of the reactive sites indicates that these sites are randomly distributed on the cell wall. Aldehyde fixation diminished the intensity of the immunohistochemical reaction, but the distribution was the same in freshly isolated and aldehyde-fixed cells. This means that there was no redistribution due to lack of fixation of the LPS. Edebo and Holme (7) showed that LPS are extracted from the cell wall even in saline and buffer solutions. In the fresh preparations used in the present study, LPS may have been partially extracted, but, as the distribution of the reaction products was the same in freshly prepared and fixed cells, this was not considered to be a significant source of error. LiMRATURE CMD
